Nejvýznamnější termodynamický děj v motoru je spalování. Studium tohoto procesu je možné pomocí složitých matematických modelů a finančně náročných laboratorních zkoušek. Předložená práce se pokouší najít podobnostní čísla v dvouzónovém modelu spalování motoru osobních vozidel za pomoci jednak diferenciálních rovnic a zároveň rozměrových parametrů. Podobnostní čísla by mohla pomoci -v návaznosti na teorii podobnosti -zjednodušit metodiku zkoušek.
INTRODUCTION
The process of fuel combustion in the engine is very complex so there remain some as yet unidentified relationships that affect its flow and progress. Laboratory testing of the process and its research, considering the high complexity, is difficult. Therefore, a model describing it is the major basis for its analysis. Modeling requires the introduction of several simplifying assumptions. The obtained mathematical model provides results close to real. Model descriptions of the combustion process mainly involve just the similarities of spark ignition engines or diesel engines. Using the theory of similarity in the design or modernization of machinery and equipment often results in decreased funding for these projects. The principles of the theory of similarity are applied to many physical and chemical phenomena also describing the internal combustion engine. The similarity numbers in the combustion process are most often used to describe the heat flow, the phenomena of turbulence and to describe the process of fuel injection. These relationships are well understood and often applied. As examples of the application of the similarity numbers associated with the process of combustion should be mentioned: internal combustion engine energy balance, efficiency and comparative indicators of circulation (theoretical). In the work [1] the theory of similarity is used to describe fuel injection in a diesel engine, and the dissertation [2] describes the preparation of the mixture and the combustion of gasoline in an SI engine. The analysis of the instantaneous temperature of exhaust gases in the exhaust manifold of a diesel engine applying criterion similarity numbers (by Woshny) is described in the work [3] . In the work [4] a study is presented of the local concentration of fuel in the GDI (Gasoline Direct Injection) Renault engine, using the criterion numbers Nu, Pr, Re and the dimensionless relative temperature dependence on the Nusselt number Nu. Geometry optimization and calculation of the exhaust manifold heat transfer were dealt with in the work [5] , where the main parameter was the exhaust gases temperature.
Various relationships of the similarity numbers Nu, Re, Pr and Rayleigh's number Ra were applied. Kesgin U. in the works [6] and [7] studied the effect of supercharging on engine performance. He used the thermal efficiency η, volumetric efficiency η vol and the dimensionless pressure ratio in his analysis. Dimensionless temperature figures were used in the work [8] by Parlak A. The Reynolds criterion number Re is most commonly used in research. In the works [9] and [10] it was used to calculate the heat loss through the walls of the combustion chamber. Giakoumis E. G. in the work [11] used this number to designate the energy balance of a six cylinder turbocharged diesel engine. Erlandsson O. in his dissertation [12] presented the dimensionless energy balance in a Volvo TD-100 engine, and used the dimensionless form of the temperature and the criterion number Re, Nu, and their relationship with the processes inside the cylinder. Reynolds number is also used to describe the phenomenon of turbulence. In the analysis of this phenomenon in the intake and exhaust valves, the number was used in the work [13] . Works [14] and [15] used the Knundsen criterion number Kn in testing particles in diesel engines. The Lewis number Le and the turbulent Schmidt number Sct were used for combustion modeling of an Audi 2.5 liter V6 TDI engine in the work [16] and similarly on a BMW Rolls-Royce engine in the work [17] . Turbulent Schmidt number Sct was also used in the work [18] investigating the powering of Peugeot, Citroen and Renault diesel engines. The dimensionless ratio of temperature was used in the combustion process analysis in the work [19] .
TWO-ZONE COMBUSTION MODEL
The basic model for this study [20] had already been used to evaluate the combustion process in SI engines and diesel engines. It was used in [21, 22] to calculate the average temperature for the entire combustion engine cycle used as a characteristic parameter in the equations with criterion similarity numbers. The applied combustion model was described in the unpublished work by prof. K. Wilk in [20] . This model assumes the division of the combustion chamber into two zones separated by an infinitely thin flame front. In each zone the temperatures are uniform; the temperature of the flame front is equal to the temperature of exhaust gas. Equations for the elementary angle of the crankshaft rotation dφ form the model:
• energy balance of the unburnt zone (mixture):
• energy balance of the flame front:
• energy balance of the burned area (exhaust):
• thermal equation of the zone states:
• equations of the substance and volume balance:
• the degree of load burn-out:
• the degree of fuel chemical energy liberation:
• thermal energy dissipated to the walls of the combustion chamber: W db , W du -calorific value in the exhaust zone (for the instantaneous gas composition), and zone mixture respectively [J / kg], x -the degree of load burn [-] , y -the degree of fuel chemical energy liberation [-] . There adiabatic flame front, with no heat flow between the zones dQ = 0 was adopted. The mixture and exhaust gases are treated as semi-perfect. The chemical energy of the mixture and the fumes (still containing flammable ingredients) was expressed using the calorific value. A lack of pollution coming from the previous cycle of operation was assumed. Full (physical and chemical) enthalpy and internal energy of load and exhaust gases is taken as: (14) where: c pb , c pu -specific heat capacity (specific heat) at constant pressure in the exhaust zone and the mixture zone respectively 
The two-zone combustion model includes the elementary heat exchange between the working medium and the walls of the working space (the head and face of the piston and the cylinder sleeve). In the work [21] a formula based on Newton's relationships was used: (16) where 
CRITERION SIMILARITY NUMBERS
Similarity numbers are used to describe the combustion process, heat flow, the phenomena of turbulence and the fuel injection process. In the work [23] , the authors calculated the similarity numbers K 1 -K 3 . Equations used in this study include primarily geometrical characteristics of the engine and fuel type information. The calculated similarity numbers thus describe:
• K 1 -known as the effective Reynolds numberinformation about the combustion chamber dimensions, fuel type and the outlet cross-section size, • K 2 -the ratio of kinetic energy to the full enthalpy stream, • K 3 -the engine design and the fuel type. The calculations carried out on 14 currently produced SI engines enabled us to conclude that the similarity numbers, in this case, show the relationship between engine capacity and its maximum power. Example results of this analysis are given in Figure 1 . There are different ways of determining criterion similarity numbers [24] . The next part of this paper presents a proposal for setting new criterion similarity numbers describing the combustion process in a variety of engines. These numbers are set from the differential equations known from combustion theory.
The preliminary analysis of the issue made it possible to separate the criterion numbers directly from the analyzed equations using the "method of differential equations." Initially, however, a less precise "method of dimensional analysis" was used. This is most often used when there is no available mathematical model of the phenomenon. However, it has a flaw, which is the adoption of the resulting function without a thorough review of its experimental basis. In this case, the differential equations are known, so there is no problem with defining the parameters needed to determine the criterion similarity numbers. Thus, transforming the equations (1), (2), (3), (7) and (10) gives the sum of elements U u , U b , Q w , pV i . In order to obtain the dimensionless form they were referred to pV i being the most characteristic element in this process. As a result the record dimensional was obtained:
After further analysis of equations (8), (9), (11), (12) and (16), equation (11) was supplemented with the remaining relationships: Each of these 9 elements is a criterion similarity number in the process. Each differential equation has an arbitrarily large number of solutions, and in order to choose the solution corresponding to the phenomenon the conditions should be determined for the unique solution. The integral of this differential equation, which is a solution to this equation, can be expressed as a function of the similarity numbers. Thus expressing the results of an experiment with similarity numbers obtains a generalized relationship, applicable to all similar phenomena [23] . Therefore, some attempts at achieving more accurate solutions to the above differential equations were made. Presented below is one of the many investigated possibilities. Transforming the equations of the two-zone combustion model arrives at:
In order to determine the conditions for uniqueness of the differential equation solution (19) an assumption was made that the most characteristic phenomena of each engine combustion process are its beginning and ending points. These points are generally situated at different points in relation to the crank angle, both for different speeds and engine loads. The increase of the individual components, in the range from the very beginning of the combustion process, the index marked "0" to the end of the combustion process marked by the index "k" was therefore defined. The two-zone model shows that at the beginning of the combustion process, there is no exhaust zone, so I b0 = 0, and at the end of the combustion process, the mixture zone is no longer existent I uk = 0. Equation (19) for the end point of the combustion process, depending on the beginning of this process takes the form:
For the evaluation of combustion processes the parameter of temperature is often used. In order to investigate the exhaust gas temperature in the final point of combustion (as one of many possible characteristic temperatures of the combustion process) the equation of state for perfect and semi-perfect gases was used. After several subsequent transformations the following relationship was achieved: Criterion similarity numbers are dimensionless, so in accordance with the principles of the theory of similarity, equation (21) should be led to the dimensionless form. Therefore the size of effective power, resulting from the energy balance equation (22) in other words: (23) where: From this was obtained 3 criterion numbers K C1 -engaging enthalpies, K C2 -describing the growth of heat discharged to the walls of the combustion chamber during the combustion process, K C3 -containing information about the geometry of the combustion chamber, the process of filling with a fresh charge, the combustion conditions and fuel type. The equation is also the product of the dimensionless temperature of the exhaust gas temperature at the end point and the temperature of the mixture at the starting point of the combustion process.
Among the other attempts at differential equations it is worth mentioning the "temperature profile equations". However, due to the significant complexity of the equation there is research ongoing on its probability simplexes.
CONCLUSION
The similarity numbers can be used to describe the operation of internal combustion engines. The studies carried out so farincluding by the authors in [23] -allow conclusions to be drawn about the possibility of designating criterion numbers of engine design features and its fuel type. An important issue in the study of internal combustion engines is the ability to use criterion numbers to describe the combustion process. The approach of determining the criterion numbers presented in this work is one of the stages of research on the issue under consideration. The designated similarity numbers recognize new enthalpies, the increased heat discharged to the walls of the combustion chamber during the combustion process and contain information about the geometry of the combustion chamber, the process of fresh charge filing, the combustion conditions and the type of fuel. These numbers are obtained only on the basis of theoretical transformation and require verification using simulation models and real engines, in order to establish their sensitivity to the features described in the work.
